In sub-Saharan Africa, theory and evidencedbased interventions that are systematically designed and using sound evaluation methods to report on effectiveness are limited. A sex education programme called SPEEK was developed, implemented and evaluated in Ghana using the Intervention Mapping approach. SPEEK aimed at delaying sexual initiation, reducing sexually transmitted infections (STIs) and preventing pregnancy, targeting junior high school students in a West African rural setting. The final programme included 11 (interactive) lessons using a diverse range of theory-based methods. In this article, we report on the effect evaluation of the programme. Participating schools were randomized to the intervention (N ¼ 10 schools) and a waiting-list control group (N ¼ 11 schools). The students completed survey questionnaires at baseline (N ¼ 1822), at direct post-test (N ¼ 1805) and at six months follow-up (N ¼ 1959), measuring cognitive and affective psychosocial determinants of sexual delay, condom use and STI testing. Mixed regression models showed that at direct post-test, students having received the SPEEK programme scored significantly more positively on knowledge on condom use, pregnancy and STIs testing; attitude toward exercising sexual rights, condom availability and condom use; perceived behavioural control toward sexual delay, condom use and sexual intercourse; and perceived risk toward STIs (P's < 0.002). The results suggest that the programme may improve adolescent sexual health in Ghana or in similar cultures, but would need further study that include behavioural measures and a longer follow-up to make this assertion with more confidence.
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Introduction
Unsafe sexual practices among adolescents are widespread, resulting in high incidence of (unintended) teen pregnancies and sexually transmitted infections (STIs) [1, 2] .
For example, a recent review of adolescent pregnancy, birth and abortion rates across countries reported that pregnancy rates among females 15-19 year olds were far higher in sub-Saharan African countries than in any other countries, ranging from 121 per 1000 females in Ethiopia to 187 in Burkina Faso [3] . Regarding STIs, adolescents and young adults often have the highest rates of incident STIs and account for a disproportionate number of new infections [4] . The situation in Africa is especially worrying: 82% of the estimated 2.1 million adolescents aged 10 -19 years living with HIV in 2012 were found in sub-Saharan Africa with the main mode of HIV transmission being heterosexual sex (80%) [5] . Both STIs and (unplanned) teen pregnancies have several adverse health and economic consequences for both the adolescents as well as the surroundings [6] .
Most of Ghana's largely youthful population (median age ¼ 20 years) are sexually active by age 15 and due to a high unmet need for contraception, 37% of all unmarried women's pregnancies are unintended [7, 8] . Pregnancy and childbirth complications are the leading cause of death in adolescence in Africa [9] . Also, stillbirths and death in the first month of life are 50% higher among babies born to mothers younger than 20 years compared with babies born to mothers aged 20-29 years [9] .
Unintended teenage pregnancies and (further transmission of) STIs can be prevented by delaying sexual intercourse, by use of contraception and by undergoing treatment in case of being infected with an STI. However, sexual delay is easier said than done. Studies show that the majority of youth were not prepared for their first time sex, it just happened [10] . In addition, in Ghana, among sexually active15-19-year-olds, 80% of females and 63% of males do not use any method of contraception [11] . For those age 15-24, only 20% of females and 41% of males reported using a condom during their last sexual encounter [8] . At the same time, many cases of STI still go untreated [12] .
A number of factors have been reported as determinants of adolescent sexual behaviours in Ghana, including transactional sex involving the exchange of money or gifts for economic reasons [13] , the social expectations with regard to sexual behaviours (girls need to proof their fertility too early and boys need to show their sexual prowess), lack of knowledge on sexuality and contraception, lack of self-confidence and skills to put knowledge into practice [14] and girls lack of skills to negotiate condom use [10] . Also important is gender and power imbalance between girls and boys, partly influenced by patriarchal attitudes toward adolescent sexuality [15] .
An effective sex education programme addressing the determinants of adolescent's sexual and condom use behaviours can prevent both unplanned teen pregnancies and STIs [16] . However, schoolbased sex education remains a grey area in the curricula of many African countries, despite convincing evidence showing that schools can present good settings for delivering sex education [17, 18] . Systematic reviews have also expressed concerns on the limited number of rigorously designed school-based evaluation studies of sexuality education in Africa, despite the enormity of the HIV epidemic as well as the high rates of teenage pregnancies on the continent [19, 20] . In recent times, a few promising evaluations have been reported [21, 22] . The present study adds to these efforts and presents the effects of a comprehensive sex education programme known as Supporting Peers and Encouraging Empowerment through Knowledge (SPEEK) in northern Ghana. It is one of the few large-scale evaluation studies of a schoolbased comprehensive sex education programme targeting junior high school students conducted in a West African rural setting.
Materials and methods

The SPEEK programme
In 2012, the comprehensive sex education programme, SPEEK, was adapted using the Intervention Mapping (IM) approach. IM guides the systematic planning, adaptation and development of theory-and evidence-based health promotion interventions [23] [24] [25] . An extensive description on how an old version of a sex education programme was systematically adapted into a theory and evidence-based programme is available through the first author.
The revised SPEEK programme is a skills-based interactive sex education programme aimed at Junior High School students aged 10-24 years. The programme is aimed at empowering and supporting young people in making informed decisions about sex. The main programme goals are that young people aged 10-24 years living in 10 communities in the Bolgatanga Municipality of Ghana: (1) delay initiating sexual activities until they are ready for it; (2) correctly and consistently use condoms, and other contraceptives to protect against STIs/unintended pregnancies and (3) undertake HIV/STI testing and counselling to know their status, and take measures if necessary.
Effect evaluation of a Ghanaian school-based and peer-led sexual education programme
The social-cognitive determinants targeted by the intervention were selected based on empirical studies [13, 14] and four psychological theories of individual behaviour change: the integrative model of behavioural prediction-the latest formulation of the theory of planned behaviour (TPB), that is the reasoned action approach (RAA) [26] [27] [28] , the health belief model (HBM) [29] and the AIDS Risk Reduction Model [30] . The RAA/TPB describe how the intention to perform a given behaviour is influenced by attitudes (cognitive or affective), subjective norms (descriptive or injunctive) and perceived behavioural control (PBC) or self-efficacy. These concepts, together with the HBM's and the AIDS Risk Reduction Model's concepts of perceived risk were used as basis for the development of the SPEEK programme. The determinants included knowledge, attitude, risk perception, selfefficacy, skills and social norms related to the programme objectives. Selected theory-based methods to change these determinants included scenariobased risk information, modelling, consciousness raising, persuasive communication, discussion and shifting perspective [23] . SPEEK included 11 lessons and each lesson took approximately 1 h to be completed. For an overview of the programme, including goals and content, see Table I. SPEEK was delivered by youth near-peer educators aged 16-24 years. The near-peer educators were recruited by the participating communities' opinion leaders based on agreed criteria (availability for a minimum period of 1 year at the start of programme implementation, age between 15 and 24, equal sex distribution, ability to communicate in the local dialect, motivation toward the project objectives) with the programme team. All peer educators (10 girls and 10 boys) had completed either junior or senior high schools, with a mean age of 18 years. They received a week-long intensive training on the programme before implementation and a 3-day refresher training mid-way into the implementation.
The SPEEK programme was implemented in junior high schools. Education in Ghana is divided into three phases: basic education (kindergarten, primary school, junior high school), secondary education (senior high school, technical and vocational education) and tertiary education (universities, polytechnics and colleges). Junior high schools are mixed sex schools and have three classes (forms) where students progresses from form one to complete in form three.
Study design
The 21 participating schools were randomly assigned to the SPEEK programme (N ¼ 10) and waiting-list control condition (N ¼ 11) (The 21 schools were randomly assigned to a study or control arm by writing the names of the schools into smaller pieces of papers , folded and mixed in a box. The numbers were drawn from the box (the first pick is intervention, second is control, etc.) and assigned to the two study arms, respectively.). The same selfadministered questionnaires were used for all participants during all three time points at baseline (T0), post-test (T1) and six months follow-up (T2). Approval for the study was obtained from the Ethical Review Committee of Psychology and Neuroscience at Maastricht University and the Ghana Health Service Ethical Committee in Accra.
Recruitment
The schools were recruited a month before the introduction of the SPEEK programme. The regional director of the Ghana Education Services wrote a letter to the schools supporting the implementation of the programme. All 21 junior high schools in the Bolgatanga Municipality received the letter and agreed to participate. Research assistants then visited the schools, introduced SPEEK, explained the waiting-list control design to the teachers and mentioned that participation would include three measurements at different time points. Additionally, teachers were provided with parental informed consent forms to be given to students to take home as well as similar assent forms for the students' own consenting. The information on the forms (including information on ethical approval, the right not to participate, the voluntary nature of participation, the anonymity and confidentiality of handling data and the duration of completing the questionnaires and follow-up surveys being approximately 45 min) Effect evaluation of a Ghanaian school-based and peer-led sexual education programme Effect evaluation of a Ghanaian school-based and peer-led sexual education programme Effect evaluation of a Ghanaian school-based and peer-led sexual education programme Effect evaluation of a Ghanaian school-based and peer-led sexual education programme Let students' also discuss attitudinal barriers of service providers to accessing contraception and how to deal with them. The lesson should empower young people to be able to advocate for their rights, thus students need to identify reasons why health workers should be accessible and why they should accept young people sexuality. Young people also need to identify their own peculiar vulnerabilities and be able to convince service providers why they need special attention. Invite a nurse from the local health centre to explain how participants can choose a contraceptive method, how to access it and the right timing that ensures privacy. The nurse should also suggest ways in which young people (continued) Effect evaluation of a Ghanaian school-based and peer-led sexual education programme was thoroughly discussed with the students, for their own understanding as well as to help them explain it to their parents. Of all students attending these schools (about 2500 students), 2356 (94.24%) obtained parental consent, out of whom 2324 students (98.64%) additionally signed the student assent forms. Reasons for no approval of the parents included avoiding additional burden of their children completing survey questionnaires and not being sure of the benefits of participation in the evaluation. Among the students who declined to participate, their main reason was not being comfortable completing questionnaires in a manner perceived as similar to exams conditions. Among the 2324 students who provided full consent, 1934 (83.2%) completed the baseline survey (T0), 1805 (85.4%) completed T1 and 1959 (92.7%) completed T2. Fluctuating participant numbers over the different time points was caused by a drop in and drop out of students during classes. Participants with missing values for the demographic variables of age, gender, religion and sex experience, were excluded from the analysis, leaving 1822 (94.2%) of the baseline participants in the final analyses.
Participants
At baseline (N ¼ 1822), 892 boys (48.95%) and 930girls (51.04%) between 10 and 21 years old (M ¼ 15.84 years; SD ¼ 2.07) participated. The majority were Christians (75.2%), followed by traditional worshippers (13%), Muslims (10.9%) and 0.9% responding for other religions. Further, 367 (20%) indicated experience with sexual intercourse, out of which 317 (86%) had experienced pregnancy (girls) or having made someone pregnant (boys).
Procedure
All questionnaires were completed in the classroom under the supervision of two research assistants who could guide the students in answering the survey where necessary. Confidentiality was secured by requesting the teacher to leave the class during survey completion and having the students seated at separate tables. In addition, students did not have to enter personal information such as name by which the survey could be linked to them. However, other background information including sex, class, age, birth month and number of siblings (dead or alive) were collected to link repeated measurements (baseline, post-test, follow-up) of the same participant to each other and thereby respect the correlations between those measurements.
One week after finishing T0, students in the intervention group started receiving the 11 lessons of SPEEK on weekly bases, one lesson per week. In the same period, the control group did not receive any form of sexuality education, except when teachers discussed the biology of the reproductive systems during science lessons. Three months after T0, and after all 11 lessons had been delivered in all intervention schools, both the intervention and the control schools received the T1 survey and T2 6 months after T1. The same procedure as was described above for T0 was used for completing T1 and T2. No special incentives were provided for participation in the evaluation study.
Measures
The selected measures were guided by the programme goals and based on items used in previous research in an African context [14, 31] .The survey was pilot tested among a representative sample of Ghanaian adolescents from a junior high school in Bolgatanga (N ¼ 50) (Experts maintained that 20-50 cases are usually sufficient to discover the major flaws in a questionnaire, see https://academic.oup. com/poq/article/68/1/109/1855073.). Simple random sampling technique was used to select the pilot sample. Using the numbered class registers, teachers selected names with even numbers from the three separate classes and invited them to participate in the pilot. The students in the pilot sample did not participate in the intervention study reported here, but were similar in age, tribe and cultural background. Based on feedback from the students following the pilot test, minor corrections were made to the phrasing of the questions to enhance understanding by the students. No statistical analyses were conducted on the pilot data.
Effect evaluation of a Ghanaian school-based and peer-led sexual education programme The survey included items on socio-demographic variables (age, gender and religion), sexual experience (yes versus no), condom use during last time sex (never versus always) and pregnancy experience (0 ¼ no or I don't know, 1 ¼ once or more). These behavioural measures could not be included into the effect analyses (for rational: see Appendix).
Also, 29 psychosocial determinants of condom use, STI testing and stating sexual boundaries were measured. Except knowledge that was measured with 3-point scales, the psychosocial measures used 5-point Likert scales. All items were recoded such that higher scores reflect a higher presence of the concerned construct. For each construct that showed sufficient internal consistency (Cronbach's alpha ! 0.60 for three or more items) or Pearson correlation coefficient (r ! 0.30 for two items), the item scores were averaged into one single construct score for each participant who answered at least half of the items making up that construct at that time point. In spite of a somewhat lower internal consistency or correlation, 'Attitude exercising sexual rights' (two items; r ¼ 0.25) and PBC refusing sex (four items; ¼ 0.58), were included in the analyses because of their meaningful content coverage [32] .
For the psychosocial variables, we used specific subscales of knowledge, perceived risk, attitudes, PBC, perceived social norm and behavioural intention related to condom use, pregnancy prevention and stating sexual boundaries. The details of these measures, including example questions, the number of items and their reliability test scores are presented in Table II (the full questionnaire is available from the first author upon request).
Data analysis
Data were analysed using IBM SPSS 21.0. To measure the effects of the SPEEK programme on the psychosocial variables, mixed (¼ multilevel) regression models were used to cater for the hierarchical structure of the design (repeated measurements over time points nested within students who are nested within schools), by allowing the intercept to vary randomly between schools, and assuming an unstructured covariance matrix for the three repeated measures. This allowed inclusion of all available measurements from all participants. Linking of repeated measures to the same participant was not always possible. In both study arms, only 3% of the participants (as identified by biodata such as date of birth) provided data on three time points, and another 17% of the participants provided data on two time points. The measurements of the remaining 80% of person identifiers could not be linked to each other. One possible cause of this is the fact that the sample coming from a rural African population, participants were not sure of biodata such as their date of birth and may therefore have provided different biodata at each time point. The consequence of this linking problem for the statistical results is discussed in the Appendix. The outcome predictors in the mixed regression model were treatment condition (0 ¼ control, 1 ¼ intervention), time of measurement [with dummy indicators for post-test (T1) and follow-up (T2), and baseline (T0) as reference category], and treatment by time, as well as demographic variables (age, gender, religion) and sexual experience.
Because of the large number of outcome variables, a Bonferroni correction was applied. In doing this, a distinction was made between primary outcome variables-variables that have a direct bearing on the goals of the SPEEK sex education programme and thus received more attention during lessons-and secondary outcome variables-variables that received less attention because they are remotely related to the goals of the programme. The following variables were primary outcomes and tested with ¼ 0.01, two-tailed: actual knowledge on condom use, knowledge of pregnancy, cognitive attitude condom use, PBC condom use, PBC toward sexual delay, risk perception toward STIs in relation to condom use, injunctive norm condom use, descriptive norm condom use and intention toward condom use. All other variables were considered secondary, and Bonferroni correction was applied by dividing the usual -level of 0.05 by the total number of outcome measures (29) resulting in ¼ 0.05/29 ¼ 0.0017 for the secondary variables. However, as the Bonferroni correction is an overcorrection, we rounded it off to 0.002. Effect sizes Effect evaluation of a Ghanaian school-based and peer-led sexual education programme were calculated using Cohen's d ¼ /ˇvar2 for the T1 * condition interaction and d ¼ /ˇvar3 for the T2 * condition interaction ( ¼ estimated group Â time interaction effect at T1 resp. at T2, and Var2 and Var3 ¼ residual outcome variance at T1 resp. at T2.).
The mixed model was estimated with the restricted maximum likelihood (REML) method to obtain unbiased variance estimates. Table III shows the mean scores on the 29 dependent variables at baseline (T0), post-test (T1) and at 6-month follow-up (T2) for both intervention and control group. Table IV also shows the significance (Pvalues) and effect sizes (Cohen's d) of the condition Â time interaction effects at post-test and at followup. As explained in the Appendix, the inclusion of the covariates (demographics and sexual experience) did not change the conclusion from the basic model with just treatment, time and their interaction as outcome predictors, and therefore we report the model without the covariates. Also, an additional analysis of the moderation by age (not reported in tables) was tested by including into the model age, age * time, age * cond, age * cond * time and testing the latter with a likelihood ratio test did not change the outcomes. The results show that at post-test, the experimental group scored significantly higher than the control group on the psychosocial variables of actual knowledge on condom use, actual knowledge on pregnancy, actual knowledge on STIs testing, perceived knowledge on condom use, attitude toward exercising sexual rights, cognitive attitude toward condom use, cognitive attitude toward condom availability, PBC toward sexual delay, PBC toward refusing sex, PBC toward condom use, PBC toward sexual intercourse and STIs risk perception toward condom use. However, the experimental and control groups did not differ significantly on any of the other measures (see Table IV ).
Results
For the long-term impact survey at 6-month follow-up, the analysis did not find any significant Note: I¼ intervention group, C ¼ control group. Actual means could be different from reported means based on the fact that the assumption of normality of residuals was broken.
treatment effect for the determinants measured in the study except for attitude toward sex to reach goals (P ¼ 0.000), which was not significant at direct post-test (see Table IV ). Also, affective attitude toward condom availability showed a very significant baseline difference between intervention and control groups, even after correcting for multiple outcome testing and was therefore excluded in the results (see Appendix).
Discussion
This study is one of few studies reporting on a largescale effect evaluation of a peer-led sex education programme targeting high school students in rural West Africa. Although the long-term results showed limited effects, short-term effects as measured directly after programme delivery is encouraging: the students who received the SPEEK programme were significantly better able to explain how to use a condom, how pregnancy occurs and how to conduct an STI test compared with the comparison group. Students in the intervention arm were also more positive toward exercising their sexual rights, considered it more important to carry condoms with them, had higher STI-related risk perceptions, felt more in control to decide when and with whom to have sexual intercourse, to delay sexual intercourse until they are ready for it and were more confident in their ability to use condoms in the future compared with the comparison group. The important role of school-based comprehensive sex education programmes such as SPEEK in changing psychosocial determinants and promoting safe sex behaviour in a developing country context has been demonstrated in different studies and reviews [19, 20] . The evaluation of SPEEK confirms these findings. The fact that SPEEK is a systematically planned, theory-and evidence-based intervention, including interactive methods, likely contributed to this positive effect, although more innovative (dismantling) designs are needed to test this hypothesis [16, 23, 34] . However, implementing peer-led interventions at the national level will have cost and sustainability implications, and their costeffectiveness should be considered against teacherled interventions. Teacher-delivered interventions formally incorporated into the school curriculum, with time allocated for it and motivation of both teachers and students secured has been shown to be effective and more sustainable [35] (Reference [33] is in the Appendix.).
Changing attitude is often considered a difficult behavioural task [36] . However, within 3 months of implementing the SPEEK programme, there was a significant shift in the attitude of the students toward exercising their sexual rights. School-based sex education interventions have been reported to have additional benefits of promoting reporting of sexual violence, sexual coercion and stigma [37] . However, such outcomes cannot be achieved unless adolescents have the right attitude toward exercising their sexual rights [38] .
After receiving the SPEEK programme, students of the intervention group had a significant increase in their perceived ability to delay sexual activities, felt more in control of their behaviour related to sexual intercourse and also felt more in control of condom use decision-making. Self-efficacy beliefs or a perception of behavioural control has been shown to predict condom use intentions strongly, also among Ghanaian adolescents [14] . Therefore, the positive effects of the SPEEK programme on these determinants within the Ghana context are important.
Our results also show that the SPEEK programme could not change the behavioural intentions of the students to use condoms (d ¼ 0.20, P > 0.01). Evidence indicates that changing intentions regarding safe sex, especially intention to use condoms, is more difficult [20, 36] . Thus, our findings support the view that actual condom use may require more than knowledge and positive attitudes toward condom use, especially in West Africa where the traditional and cultural beliefs limits sexual activities to marriage context only [38] . To change behavioural intention toward condom use, the need to also target the wider community or school environmental factors has been emphasised [21, 39] .
The absence of significant effects in close to half of the psychosocial variables at immediate post-test (see Table II ) as well as the lack of long-term impact could be due to different reasons. Bartholomew et al. [23] suggested that an evaluation may fail to prove effectiveness if the intervention includes many variables that were not equally addressed by the programme, if needs assessment of the target population was not properly done or if the programme was not implemented strictly as was designed. Although the design and implementation of the SPEEK programme as guided by the IM approach was rigorous, the lack of positive effects on some measures requires further research. Especially, when only 20% of students reported sexual experience at baseline, long-term effects would be particularly important. Skill-based and lengthier interventions, offering the opportunity for repeated exposure is also associated with sustained effectiveness [19] .
However, the socio-cultural context of sexuality in Ghana-religious leaders constantly preaching against sexual activities outside marriage and too close parental monitoring of adolescents' sexual activities impacting negatively on their sexual behaviours [38] -might have also contributed to the lack of sustained positive effects of SPEEK. For the determinants of condom use, in particular, factors such as its availability to students in the rural communities of northern Ghana may also have influenced the findings: it might have been difficult for students to obtain condoms after the intervention Effect evaluation of a Ghanaian school-based and peer-led sexual education programme phase had elapsed since condoms were only more accessible through peer educators during the implementation period. Also, the lack of effects for determinants related to condom use negotiation, may be due to African young women inability to negotiate for condom use in their relationships because of cultural beliefs surrounding sexuality and their financial dependency on their partners [40] , which reduces their chances of having sexual control [10] . Therefore, there is a need for women to be empowered through education, while they are still young so that they can be assertive, financially independent and able to make their own decisions with regard to their sexually related matters.
Limitations of the study
First, the scales had only modest internal consistencies and some measures used single items only, which leaves room for improvement on measurement. In particular, future research should conduct statistical analyses on the pilot-test data to confirm reliability scores before full-scale application of the measures. Second, the results are based on self-reported questionnaires completed by junior high school students. Regardless of our attempt to assure privacy as much as possible during survey administration, in responding to sensitive topics such as sexuality, adolescents may still not always have been honest [41] . Finally, the exclusion of the behavioural measures limits the conclusions we can draw on the effects of SPEEK at the behavioural level.
Conclusion
Our results suggest that a systematically planned, theory-and evidence-based intervention, with interactive skills development components can positively change psychosocial determinants of sexual behaviours and may, ultimately reduce risk-taking behaviours related to STIs and pregnancy prevention. However, future studies with more complex experimental designs and measures more linked to behaviour and longer follow-up is necessary to make this assertion with confidence. Nonetheless, such rigor in design makes our findings an important addition to the literature on school-based programmes to reduce STIs rates and unintended teen pregnancies in sub-Saharan Africa.
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